PATENT 

Attorney Docket 4881 (01-0285) 



NOTICE OF EXPRESS MAILING 
Express Mail Mailing Label Number: EL 740549452 US 

Date of Deposit with USPS: October 23. 2001 

Person making Deposit: Blake Johnson 



APPUC ATION FOR LETTERS PATENT 



for 



DICING SAW BLADE POSITIONING APPARATUS AND METHODS 
INDEPENDENT OF BLADE THICKNESS 
VIA CONSTRAINED BIASING ELEMENTS 



Inventor: 
Ernest J, Hamilton 



Attorneys: 
Brick G. Power 
Registration No. 38,581 
Joseph A. Walkowski 
Registration No. 28,765 
TRASKBRITT, PC 
P.O. Box 2550 
Salt Lake City, Utah 84110 
(801) 532-1922 



DICING SAW BLADE POSITIONING APPARATUS AND METHODS 
INDEPENDENT OF BLADE THICKNESS 
VIA CONSTRAINED BIASING ELEMENTS 



BACKGROUND OF THE INVENTION 
[0001] Field of the Invention: The present invention relates to accurately positioning 
blades in a multiple blade assembly for dicing wafers and other substrates used in the manufacture 
of electronic devices. More specifically, the present invention teaches an apparatus for accurately 
positioning an edge of each blade in a multiple blade assembly, irrespective of the individual 
blade thicknesses. 

[0002] State of the Art: In order to manufacture carrier substrates (e.g., circuit boards, 
interposers, etc.) and semiconductor dice in quantity, a large-scale substrate comprising a large 
number of unsingulated units is typically processed en masse, then the units separated from one 
another, typically by sawing the large-scale substrate. In the case of carrier substrates, the large- 
scale substrate may be either a single-layered or laminated organic substrate, such as FR-4 board, 
upon which a number of carrier substrates are formed. Semiconductor dice may be fabricated on 
a wafer or other large-scale semiconductor substrate. The dice may then be scribed or sawn into 
individxxal dice. Singulated carrier substrates and semiconductor dice are often used in finishing 
operations, including packaging. As the state-of-the-art densities of carrier substrates and 
semiconductor dice on their respective large-scale substrates are ever increasing, the need for 
accurate rigid placement of dicing saw blades is apparent, 

[0003] Semiconductor wafers and other substrates are typically manufactured with a 
multitude of semiconductor devices. Typically, individual semiconductor devices are attached to 
a carrier substrate via tape-automated-bonding ('TAB"), wire bonding, or flip-chip type solder 
bonding techniques, the latter often effectuated with so called ball grid array (BOA) 
configurations of discrete solder balls. Consequently, individual semiconductor devices must be 
singulated, or separated from each other for use, packaging, and mounting on carrier substrates 
such as printed circuit boards. Furthermore, the singulated devices may be encapsulated or 



otherwise "sealed" to protect the electrical connections and chip from environmental damage or 
contamination. 

[0004] In order to singulate or perform "dicing" operations on large-scale substrates, 
dicing saws are typically used Apparatus for dicing wafers and other substrates usually comprise 
at least one saw blade attached to a spindle, which rotates via a motor attached thereto. Also, 
during cutting, cleaning fluid such as de-ionized water is communicated to the substrate and saw 
blade to wash away cuttings of the substrate material and cool the saw blade. 

[0005] Increasingly, rapid manufacturing methods include multiple or "gang" saw blade 
assemblies. In addition, due to semiconductor device and carrier substrate density on the 
respective large-scale substrate and the attendant necessity for making cuts between the 
semiconductor devices or carrier substrates as narrow as possible, the individual saw blades are 
; , relatively thin. Further, in order to exact precision cuts with reduced forces on the substrate 
|3 during cutting, dicing saw blades are rotated at relatively high speeds, up to 60,000 revolutions 
Q per minute. Dicing saw blades may also be termed ' Vear blades", and may include diamond grit 
proximate their outer edges, although other hard, natural and synthetic particulate materials may 
^ be used. Some examples of dicing saw blade materials include: diamond grit encapsulated in 
resin, diamond grit encapsulated by an electro-deposited nickel film, and diamond grit held in a 
soft metal. Resin bonded diamond grit blades may be about 0.025 mm to about 0.380 mm 
thick (e.g., 0.260 mm thick) and about two or three inches or more (e.g., 4.5 inches) in diameter. 
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0 [0006] Saw blade flexibility is also a concem, because it directly affects deflection and 
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movement of the cutting edge out of the desired vertical plane perpendicular to the substrate, such 
deflection being known in the art as "run-out", during cutting. To obtain trueness and stability 
during cutting, and to minimize run-out, the blades are typically mounted between two flanges so 
that only a small cutting edge at the outer periphery of the blades is exposed. It has been observed 
that the maximum depth of cut of the blade held by a flange is limited by the flexibility of the 
blade. 

[0007] Due to the extreme processing requirements of dicing saw blades, as well as the 
increasing density of semiconductor devices on substrates and wafers, as well as the fine 
tolerances between adjacent carrier substrates or other electrical assemblies (dice) formed on 
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large-scale substrates, accurate placement and control of dicing processes and apparatus is 
extremely important. 

[00081 For instance, U.S. Patent 5,571,040 to Kawaguchi et al. discloses a method and 
device for detecting and controlling the nm-out of a flat ring blade member of a slicing machine. 
Kawaguchi et al. discloses measuring an axial load, calculating a deflection value for the blade, 
then adjusting for the calculated run-out. 

[0009] U.S. Patent 5,259,149 to Klievoneit et al discloses an apparatus and method for 
grinding opposed faces of the hub of a dicing saw blade flat and parallel while preserving the 
capability of electroplating the hub with a membrane. Thus, Klievoneit et al. addresses accurate 
positioning of dicing saw blades, as well as methods of manufacture. However, the Kievoneit et 
al. process is expensive due to the increased processing time and materials, thus increasing the 
1^^^ cost of dicing saw blades. 

Q [0010] In addition, U.S. Patent 4,180,048 to Regan discloses a cutting wheel for dicing 

Ci semiconductor wafers. FIG. 1 and FIG. 2 of Regan show the cutting wheel in detail, includmg a 
!tl thin layer of elastomer in contact with the cutting wheel or blade. FIG. 1 and FIG. 2 of Regan 

II have been adapted as FIG. 1 A and IB, respectively. Configuring the blade to be in direct axial 
contact with an elastomer is undesirable as it reduces the stiffiiess of the mounted blade. In 
addition, the elastomer is not constrained on the outer radial periphery, allowing for flexure in the 
dicing saw blade. 

[00111 Referring to FIG, 1 A, dicing saw blade 50 is installed on flange 5 and held 
thereon by retaining element 4. Flange 5 is configured to accommodate dicing saw blade 50, 
compliant layer 2 and retaining element 4 within the axial thickness of the flange 5. Compliant 
layer 2 is placed between retaining element 4 and dicing saw blade 50, retaining ring 4 being held 
cdmpressively against dicing saw blade 50. Retaining element 4 may be installed on a spindle 
(not shown) by way of bore 7. The spindle (not shown) may be threaded on one or both ends for 
applying axial compressive forces to retaining element 4, thus holding dicing saw blade 50 in 
place. Other compression elements as known in the art may be employed to compress the 
assembly. 
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[0012] Flange 5 along the radial tip of the dicing saw blade 50 may be tapered, as may 
the radial tip of retaining element 4, as shown in FIG. IB. Tapering the retention means of the 
dicing saw blade 50 gives axial clearance to each side of the dicing saw blade 50 when compared 
to non-tapered alternatives. Compliant layer 2 is located between retaining element 4 and dicing 
saw blade 50. Thus, during cutting, the dicing saw blade 50 is axially supported on one side by 
flange 5, and on the other side by retaining element 4 and compUant layer 2. Multiple assemblies 
of dicing saw blades 50, retaining elements 4, and flanges 5 may be axially positioned adjacent to 
each other to form a multiblade assembly. 

[00131 Industrial Tools Incorporated ("ITI") employs a dicing saw blade spacing 
apparatus that uses a series of circumferentially unconstrained rings to hold the blade in place. A 
compression ring of stiff, yet resilient material and retention spacer adjusts for the thickness of the 
dicing saw blade. The resihent material is not, however, constrained about its outer 
circumferential surface. This configuration allows for the blade to deflect more easily. In 
addition, ITI utilizes a series of spacers and fixtures to fix each blade position, which may 
increase costs and complexity of the apparatus. FIG. 2 illustrates the system developed by ITL 

[0014] FIG. 2 shows an assembly including multiple dicing saw blades 50, Moving left 
to right in FIG. 2, a first retention element 6 provides a seating surface for dicing saw blade 50, 
where dicing saw blade 50 is radially supported by spacer 16. Contact spacer 18 is positioned 
axially adjacent to dicing saw blade 50 between dicing saw blade 50 and compUant element 12. A 
second retention element 6 is positioned and compressed against compliant element 12, in lateral 
contact with spacer 16. Multiple dicing saw blades may be positioned by repeating the 
aforementioned elements as shown for a second dicing saw blade 52. 

[0015] Systems for mounting dicing saw blades, shown in FIGs. 1 A, IB, and 2, may 
compensate for varying diamond dicing saw blade thicknesses in a multiple dicing saw blade 
assembly. However, the foregoing systems require that the compUant element or layer have a 
large, ring-shaped configuration to facilitate radial placement thereof by its inner diameter since 
neither of the illustrated configurations radially peripherally constrains the compUant element or 
layer. Such configurations Umit the design alternatives of the compUant element. 



[00161 Although diamond saw blades may be very accurately manufactured via lapping 
technology, increased blade thickness accuracy also increases the cost of the dicing saw blades. 
Furthermore, little advantage in the way of durability or improved Ufe is gained by such accurate 
tolerances. Accordingly, it would be advantageous to use dicing saw blades with varying 
thicknesses while retaining accurate and rigid axial positioning of each dicing saw blade in a 
multiple dicing saw blade assembly. 

[00171 Thus, it can be understood that accurate and rigid positioning of dicing saw 
blades of variable thicknesses is of great importance in the manufacture of semiconductor devices. 
In addition, it is desirable to eliminate the locational effect of the variation in the thickness of tiie 
dicing saw blades on the axial locations of other dicing saw blades in a multiple dicing saw blade 
assembly, 

BRIEF SUMMARY OF THE INVENTION 
[00181 The present invention relates to an apparatus for accurately and rigidly 
positioning dicing saw blades that vary somewhat in thickness in a multiple dicing saw blade 
assembly. 

[00191 In a single dicing saw blade assembly, at least one axial surface of the saw blade 
may be determined accurately. Fixtures, such as the spindle, as well as spacers, hubs, or other 
fixture surfaces may accurately determine a position of at least one plane of a dicing saw blade 
along an axis of rotation of the dicing saw blade. However, in the case of a typical multiple dicing 
saw blade assembly, the thickness of a saw blade affects each subsequent axial position of each 
saw blade assembled along the length of the spindle thereafter. Each blade, unless perfectly sized, 
causes the next blade to deviate axially firom its desired position. 

[00201 The present invention includes a dicing saw assembly that accepts saw blades of 
different thicknesses while positioning each saw blade of the ganged assembly in a desired axial 
position along the length of the spindle of the dicing saw. Thus, in a dicing saw assembly 
including multiple blades, the position of at least one surface of any dicing saw blade of the 
assembly is independent of the thickness of any other dicing saw blade in the assembly. 
Positional independence of each dicing saw blade may be accompUshed by configuring at least 



one constrained biasing element between a dicing saw blade and at least another dicing saw blade. 
In addition, a biasing element retention feature is formed proximate to at least one surface that the 
biasing element separates in order to maintain positional independence of each dicing saw blade. 

[0021] Further, the number of spacers may be reduced to reduce the aggregation of 
variance in the assembly. For instance, if two spacers are stacked, their tolerances are additive. If 
two stacked spacers have the same dimensional accuracy, then the variance of the stacked 
assembly is simply two times the variance of a single spacer. Addition of tolerances is referred to 
herein as "tolerance stackup", which refers to the addition of tolerances in assembUes. However, 
if two or more spacers can be replaced by one spacer, the variance in the overall stacked size of 
the spacer is reduced, hi addition, costs may be reduced by reducing the number of spacers 
required to rigidly position the dicing saw blades. 
3 . [0022] Accordingly, the present invention accurately and rigidly positions dicing saw 

53 blades with respect to other dicing saw blades in a multiple dicing saw blade assembly and may 
^ also reduce so-called tolerance stackup. 

n5 [0023] Other features and advantages ofthe present invention will become apparent to 

^ those of ordinary skill in the art through consideration of the ensuing description, the 

0 ■ 

« accompanying drawings, and the appended claims. 

W BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

y 

p [0024] In the drawings, which illustrate exemplary embodiments of various aspects of 

the invention: 

[0025] FIG. 1 A is a side cross-sectional view of a typical diamond blade flange 
assembly, where a compliant layer is adjacent the blade; 

[0026] FIG. IB is an enlarged view ofthe diamond blade tip of the diamond blade 
assembly of FIG. lA; 

[0027] FIG. 2 is a side cross-sectional view of a typical configuration of a multiple 
dicing saw blade assembly which includes a compliant element; 

[0028] FIG. 3 A is a side cross-sectional view of a first embodiment of a blade retention 
assembly incorporating the teachings ofthe present invention; 
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[0029] FIG. 3B is a side cross-sectional view of a shaped flange and associated retention 
spacer assembly incorporating the teachings of the present invention; 

[0030] FIG. 3C is a side cross-sectional view of an assembly of shaped flanges and 
associated retention spacers in an assembly incorporating the teachings of the present invention; 

[0031] FIG. 4A is a side cross-sectional view of a second embodiment of a blade 
retention assembly incorporating the teachings of the present invention; 

[0032] FIG. 4B is a side cross-sectional view illustrating multiple embodiments of 
biasing element retention features of a blade retention assembly incorporating the teachings of the 
present invention; 

[0033] FIGs, 5 A and 5B are top and side views, respectively, of an embodiment of a 
retention ring incorporating teachings of the present invention; 

[0034] FIGs. 6A and 6B are top and side views, respectively, of an embodiment of a 
retention ring incorporating teachings of the present invention. 

[0035] FIGs. 6C and 6D are top and side views, respectively, of an embodiment of a 
retention ring incorporating teachings of the present invention. 

[0036] FIG. 7 is a side cross-sectional view of a third embodiment of a blade retention 
assembly incorporating the teachings of the present invention 

DETAILED DESCRIPTION OF THE INVENTION 
[0037] FIG. 3 A shows an embodiment of the present invention where dicing saw 
blade 50 is positioned by way of a shaped flange 30 installed axially adjacent and matingly with 
hub surface 21. Shaped flange 30 includes a substantially radially extending support member 35 
and a substantially axially extending spacer member 37. Spacer member 37 matingly engages a 
corresponding retention element 22, with an aperture 23 formed through retention element 22 
receiving spacer member 37, in such a manner as to retain a dicing saw blade 50 between support 
member 35 and retention element 22. Shaped flange 30 is one piece, thereby reducing tolerance 
stack up with respect to each dicing saw blade position. Retention spacer 22 may contain a 
retention feature 45 to accommodate a biasing element 40. Biasing element 40 compresses or 
deflects axially as an axially adjacent shaped flange 32 abuts shaped flange 30. Each dicing saw 
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blade and retention means is configured to install about hub 20, which rotates on a shaft (not 
shown) about axis 10. 

[0038] Further, a means to compress dicing saw blade retention assembly 19 is also 
provided. For instance, the hub 20 may be threaded on one end, and compressive forces may be 
imparted to the dicing saw blade retention and spacing means by tightening the threaded 
connection. A schematic illustration of one possible means to compress a blade retention 
assembly is shown in FIG. 8. Compressive forces may be appUed to the shaped flanges by way of 
threaded element 114, engaging threaded proximate end 116 of hub 20 installed onto the 
spindle 102. As the threaded connection between the hub 20 and the threaded element 1 14 is 
tightened, the threaded element 1 14 matingly engages and axially compresses the axially adjacent 
surface of the shaped flange 30 distal to hub surface 21. Thus, threaded element 114 compresses 
the assembly of shaped flanges 30, as each conmiunicate and distribute the compressive force 
axially throughout the assembly. Alternatively, in other embodiments shown in FIG. 3 A, 
FIG. 4 A, and FIG. 7, the threaded element 114 may matingly engage and axially compress a 
spacer, end spacer, or other component in order to compress the assembly of shaped flanges. 

[0039] With continued reference to FIG. 8, connection to a drive to rotate dicing saw 
blade retention assembly 19, such as an electric motor, maybe accomplished via compressive 
engagement of tapered surfaces 104 and 114 of the hub 20 and spindle 102, respectively. A 
threaded section 108 of the spindle 102 provides compression to the tapered surfaces 104 and 1 14 
by engaging a threaded hole 1 12 of a nut 100 positioned within the hub 20, along the rotational 
axis 101 thereof Thus, the tapered surfaces 104 and 1 14 center the assembly with respect to the 
rotational axis 101 of the spindle 102. Other compressive, centering, and attachment means are 
known in the art. Collets, keyways, and chucks are a few examples of well-known attachment 
means employed in rotating machinery. The present invention is not limited to any one 
configuration. 

[0040] The dicing saw blade retention assembly 19, as shown in FIG. 3 A, configures 
axially adjacent dicing saw blades to be spaced a fixed axial distance from one another. More 
specifically, the surface 51 of dicing saw blade 50 is a fixed axial distance from the congruent 
surface 53 of dicing saw blade 52. Dicing saw blade thickness (i.e., the distance between 



surface 51 and 51') causes the associated retention spacer 22 to be displaced toward the adjacent 
shaped flange 32. Thus, the retention spacer 22 accommodates dicing saw blades of different 
thicknesses without changing the distance between surface 51 of dicing saw blade 50 and 
surface 53 of dicing saw blade 52. However, in this embodiment, changing the dicing saw blade 
spacing requires changing the dimensions of each shaped flange, since the axial dimension of each 
shaped flange influences the axial position adjacent dicing saw blade(s), 

[0041] Significantly, dicing saw blade 50 is positioned between two rigid bodies. 
Additionally, shaped flange 30 and retention spacer 22 each may be tapered toward the radial tip 
of dicing saw blade 50, thus imparting rigid support to the radial blade tip. Also, tapering 
provides clearance around the edges of the dicing saw blades, so that the radial tips of the flange 
and spacer do not coUide with any components or features that extend from the surface of the 
wafer or other substrate during dicing. Additional dicing saw blades may be assembled as shown 
byway of additional shaped flanges 32, 34, and 36 as well as corresponding retention spacers 24, 
26, and 28. Furthermore, each retention spacer 24, 26, and 28 engages a biasing element 42, 44, 
arid 46, respectively. Ideally, shaped flanges 32, 34, and 36 are machmed to identical axial 
thicknesses to facilitate accurate positioning of dicing saw blades 50, 52, and 54. An end 
spacer 38 may be employed to distribute compressive force to the assembly of dicing saw blades 
and retention means, as well as engage biasing element 46. 

[0042] Biasing elements 40, 42, 44, and 46 may be substantially circumferentially or 
peripherally constrained. As shown in FIG. 3B, a recess 23 is formed in a substantially planar 
retention surface 27 of each retention spacer 22, 24, 26, and 28, exemplified in FIG. 3B by 
retention spacer 22. Recess 23 is sized to at least partially receive a portion of at least one biasing 
element (not shown) with anoliier portion of the at least one biasing element protruding axially 
fi-om the retention surface 27 of each retention spacer 22, 24, 26, and 28. Circumferential or 
peripheral constraint applied to a biasing element of the present invention is advantageoxxs to 
provide control of the axial biasing face provided thereby. 

[0043] Biasing elements may be shaped in almost any geometry. A biasing element of 
the present invention may be placed anywhere radially in the available radial surface area of the 
retention spacer 22, may comprise a spring, washer spring, 0-ring, disc spring, or other biasing 
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means, and may or may not comprise a circular geometry. The biasing element of the present 
invention is held in place at least partially by constraint at least about its outer radial periphery 
with respect to the axis of rotation 10. Radial peripheral constraint provides flexibiUty in design 
and functionaUty for biasing elements of the present invention. 

[0044] Although retention spacer 22 is depicted as being formed with a retention 
feature 45 therein, at least one retention may altematively be configured into shaped flanges 32, 
34, 36, and end spacer 38. A recess 23 is only one embodiment for a retention feature 45 of the 
present invention. Protrusions may also be used to fix or retain the biasing element, as well as 
threads, pins, or other fastener elements known in the art. FIG. 3C shows shaped flanges 30, 32, 
and 34 configured with multiple recesses 23. Shaped flange recesses 23 at least partially 
circumferentially or peripherally constrain respective biasing elements (not shown). FIGs. 5A 
and 5B show top and side views, respectively, of a substantially circular retention spacer 70 with a 
grooved recess 23 for at least partially contaming and constraining at least one annular biasing 
element (not shown) about its outer radial periphery. Biasing element(s) maybe configured into 
the grooved recess 23 to provide axial adjustment for dicing saw blade thickness as well as 
compressive forces to axially adjacent retention spacers in a dicing saw blade retention assembly. 
Grooved recess(es) 23 may be radiused, circular, square, tapered, or otherwise configured to at 
least partially accept a biasing element therein. 

[00451 Significantly, and referring again to FIG. 3 A, tiie present invention 
accommodates dicing saw blades of differing tiiickness in an assembly while retaining accurate 
axial positioning of each blade. Dicing saw blade 50 causes retention spacer 22 to displace toward 
shaped flange 32. Accordingly, biasing element 40 is compressed between radial surface 39 of 
the recess and axial surface 31 of the shaped flange 32. Axial distance 29 between radial 
surface 27 of a retention spacer and axial surface 31 or 31 ' depends on the tiiickness of tiie dicing 
saw blade. However, shaped flanges 30, 32, 34, and 36 as well as corresponding retention 
spacers 22, 24, 26, and 28 are designed so tiiat radial surface 27 of any retention spacer does not 
contact any axial surface 3 1 or 3 1'. Thus, the dicing saw blade thickness does not influence tiie 
axial position of adjacent shaped flanges and therefore does not influence the position of any other 
blades assembled within the dicing saw blade retention assembly 19 of the present invention. 
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[0046] FIG. 4A shows a second embodiment of a dicing saw blade retention 
assembly 19 incorporating teachings of the present invention, where auxiUary pitch spacers 60, 
and 62 are employed to provide additional desired axial spacing distance between dicing saw 
blades 50, 52, and 54. Ideally, shaped flanges 32, 34, and 36 as well as auxiliary pitch spacers 60 
and 62 are machined to substantially identical axial thicknesses to accurately position dicing saw 
blades 50, 52, and 54. End spacer 64 may be installed to distribute axial compressive force to the 
dicing saw blade retention assembly 19 as well as engage biasing element 44. 

[0047] Specifically, the surface 5 1 of dicing saw blade 50 is a fixed axial distance from 
the congruent surface 53 of dicing saw blade 52, determined by the axial position of the dicing 
saw blade 50 within shaped flange 30, the axial dimension of auxiliary pitch spacer 60, and the 
axial position of dicing saw blade 52 within shaped flange 32. Upon installing a dicing saw 
blade 50 within shaped flange 30 the blade thickness (i.e., the distance between surface 51 
and 51') causes the associated retention spacer 22 to be displaced toward the adjacent auxiliary 
pitch spacer 60. Thus, the retention spacers 22 and 24 accommodate dicing saw blades 50 and 52 
of different thicknesses without changing the axial distance between surface 51 and surface 53 as 
well as the distance between surface 53 and surface 55. The use of auxiliary spacers according to 
the present invention may be advantageous to achieve desired dicing saw blade spacing without 
changing the shaped flange or retention spacer configuration as would be required to change the 
dicing saw blade spacing in the embodiment shown in FIG. 3A. 

[0048] As mentioned hereinbefore, and with reference to FIG. 4B, a retention feature 45 
may be included in order to fix the radial position of the at least one biasing element with respect 
to the axis of rotation 10. The retention feature 45 may comprise at least one indentation, 
Altematively, or additionally, the retention feature 45 may comprise at least one protrusion. 
FIG. 4B shows several embodiments of retention features 45 in a dicing saw blade assembly 19. 
As a first example, retention spacer 22 is formed with an arcuate indentation as a retention 
feature 45 for biasing element 40. In addition, auxiliary pitch spacer 60 is also configured with an 
arcuate indentation as a retention feature 45 for constraining biasing element 40. A second 
example includes a retention feature configured into auxiUary pitch spacer 62 only, and is a 
generally planar radial surface with axial walls, thus forming a recess to constrain biasing 



12 



element 42. Biasing element 42 is shown as a thin compressible button, illustrating another 
possible embodiment. A third example for retention feature 45 illustrated in FIG. 4B is a 
protrusion extending axially from surface 27 of retention spacer 26. Retention feature 45 of 
retention spacer 26 provides, among oilier things, a radial ledge to fix the position of the biasing 
element 44. Thus, retention feature 45 may comprise at least one indentation and/or protrusion 
for receiving at least one biasing element. 

[0049] FIG. 6 A illustrates a second embodiment of a retention spacer 70' with individual 
circumferentially spaced recesses 80 for biasing elements. Biasing elements may comprise disc 
springs, washer springs, coil springs, elastomeric 0-rings, other sohd pUable materials, or other 
biasing means known in the art. Further, although recesses 80 are shown as substantially circular 
grooves of constant depth, recesses 80 may comprise other geometries. For instance, recesses 
may comprise substantially rectangular shapes with tapering or non-constant depths. Recesses 
may also be threaded, slotted, keyed, spUned, or otherwise configured to accept at least one 
biasing element. 

[00501 As a fijrther advantage, individualized biasing elements may allow for 
installation and replacement of biasing elements without complete disassembly of a dicing saw 
blade retention assembly (as shown in FIG. 3, FIG. 4A, or FIG. 7). For instance, in FIG. 6C a 
retention spacer 70" is shown with radial slots 71 and elevated seats 75. A biasing element (not 
shown) may be mstalled into and around elevated seat 75 by way of slot 71 without dismantling 
an entire dicing saw blade assembly. The biasing element (not shown) may be compressed to fit 
into the slot 71 when the blade retention assembly is fully assembled. The means to compress the 
blade retention assembly may be loosened to allow additional clearance for biasing element 
installation. 

[0051] FIG. 7 illustrates yet another embodiment of a dicing saw blade retention 
assembly 19 of the present invention wherein a biasing element (not shown) axially biases more 
than one retention spacer, thus biasing more than one dicing saw blade. Shaped flange 30 and 
shaped flange 32 are of substantially identical geometry, but installed such that the shaped 
flange 30 is axially opposed to shaped flange 32, axially opposed meaning that congruent axial 
surfaces of each flange are facing each other. Similarly, retention spacer 22 and 24 are also 
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substantially identical in geometry, and are installed on hub 20 in an opposing axial relationship. 
Thus, recesses 23 are radially aligned and are also longitudinally opposing, allowing for a single 
biasing element (not shown) to be installed between retention spacer 22 and retention spacer 24. 
Further dicing saw blade installation may be accompUshed as shown by dicing saw blades 54 
and 55. 

[0052] Dicing saw blade spacing as determined by the fixtures depicted in FIG. 7 is 
different than the embodiments depicted in FIG. 3 A and FIG. 4A. M FIG. 7, pairs of shaped 
flanges facing in opposite directions position dicing saw blades that may be axially centered on 
each flange. Furthermore, pairs of retention spacers are configured with an associated pair of 
flanges and are also facing in opposite directions, separated by a biasing element. The first pair of 
shaped flanges 30 and 32 are facing in opposite directions with blade 50 and blade 52 matingly 
engaging each axial surface 33 of each flange. Retention spacers 22 and 24 are respectively 
configured with flanges 30 and 32, respectively, and are also facing each other, in opposing 
fashion, so tiiat radial surface 27 of retention spacer 22 is directly axially adjacent to the radial 
surface 27 of retention spacer 24. A biasing element (not shown) separates radial surface 27 of 
retention spacer 22 from radial surface 27 of retention spacer 24 and is positioned between radial 
surface 37 of the recess 23 in retention spacer 22 and radial surface 37 of the recess 23 in retention 
Spacer 24. Axial distance 29 depends on the thickness of blades 50 and 52 as well as the axial 
dimension of retention spacer 22 and 24. Axial distance 29 provides axial allowance for 
accommodating blades of differing tiiickness without affectmg the axial distance between axially 
distal radial surfaces of the blades 50 and 52. 

[00531 Notably, axially adjacent dicing saw blades 50 and 52 in FIG. 7 are spaced in 
relationship to non-congruent sides of each dicing saw blade 50, 52 of the pair. Therefore, dicing 
saw blade 50 and dicing saw blade 52 are positioned such that dicing saw blade side 51 is a fixed 
axial distance from dicing saw blade side 53'. Likewise, dicing saw blade side 53' is a fixed axial 
distance from dicing saw blade side 55. The relative position of each dicing saw blade with 
respect to an adjacent paired dicing saw blade is determined by the axial dimensions of the flange 
that contains the dicing saw blade, as weU as the dimensions of the adjacent flange. In confrast. 
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the embodiments shown in FIG. 3 A and 4 provide fixed distances between congraent sides of 
each dicing saw blade. 

[0054] In addition, since dicing saw blade spacing may be determined by the axial 
dimensions of the shaped flange on either axial side of the dicing saw blade, it is preferable to 
place the dicing saw blade at the axial center of the shaped flange. Altematively, if blades are 
placed non-symmetrically within the axial dimension of the flange, additional auxiliary spacers 
may be placed between any adjacent flanges in order to achieve desired spacing. 

[0055] The configuration shown in FIG. 7 may be advantageous, smce dicing saw blade 
spacing of non-congruent sides of each dicing saw blade is independent of the dicing saw blade 
thicknesses and the number of biasing elements is reduced. Recesses 23 are longitudinally 
opposed and provide circumferential or peripheral constraint to an interposed biasing element (not 
shown). As mentioned hereinbefore, biasing elements may comprise springs, compliant materials, 
pressurized elements, elements that provide bias via centrifiigal force, or other biasing means as 
known in the art. Multiple and different biasing elements may be used in combination. 

[0056] Although the foregoing description contains many specifics, these should not be 
construed as limiting the scope of the present invention, but merely as providing illustrations of 
some exemplary embodiments. Similarly, other embodiments of the invention may be devised 
which do not depart from the scope of the present invention. Features from different 
embodiments may be employed in combination. The scope of the invention is, therefore, 
indicated and limited only by the appended clauns and their legal equivalents, rather than by the 
foregoing description. All additions, deletions, and modifications to the invention as disclosed 
herein and which fall within the meaning and scope of the claims are to be embraced thereby. 
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